By the use of a standard resistance in connection with the potentiometer and standard cell, measurements may be made from which the current or power may be calculated.
If in addition the time is measured we have data from which the energy may be calculated.
In general, potentiometers are constructed very much like other resistance apparatus. They are made up of a number of coils of wire of various resistances connected in various ways.
Dial switches, plugs, or sliding contacts are provided to make the necessary changes in the connections to the various coils.
The coils are usually made of manganin wire and are adjusted so that the resistances are nearly proportional to the readings of the dials.
In measuring electromotive forces (or potential differences) with a potentiometer, the ratio of the unknown electromotive force to the known electromotive force is determined from the ratio of two resistances, which during the measurement carry a current.
(See Fig. i .)
The Fig. 2) and Crompton 3 (or slide wire) type (see Fig. 5) connected to one pair, the /-terminals; the known or standard electromotive force is connected to the second pair, the 5-terminals and the unknown electromotive force is connected to the third pair, the E-terminals. The current / flowing through the resistance of the potentiometer causes a difference in potential, E, between the^-terminals and, S, between the S-terminals. The ratio of E to / is equal to the resistance R e and the ratio of 5 to / is equal to the resistance R s .
The resistance between the battery terminals, the total resistance of the potentiometer, is designated by the letter T. By manipulation of the various switches, R e and R 8 can be changed but the total resistance T remains approximately constant and would remain constant if the potentiometer were mechanically perfect and correctly adjusted.
In comparing two electromotive forces, one, whose value is usually known and which we shall call S, is connected to the 5-terminals and either the resistance R 8 or the current / adjusted so that RJ=S, then the other electromotive force, usually of an unknown value and which we shall call E, is connected to the ii -terminals and the resistance R e adjusted so that RJ'-E.
which differs from the simple case considered above in that the total current through the potentiometer is not necessarily the same when the two balances are made. In order to express the value of E in volts it is therefore necessary to know the value of the ratio RJ'jRJ and the value of 5 in volts.
6 For convenience a switch and a fourth pair of terminals are provided for connecting a galvanometer either into one of the leads to the E-terminals or into one of the leads to the S-terminals. In some cases more than one pair of Zi-terminals are provided and in other cases in effect theZs-terminals and S-terminals are identical. (Seep. 10.) to indicate the proper positions. In Fig. 16 In order to obtain the complete calibration of the ratio-set the following measurements were necessary: (a) total resistance for all settings, (b) resistance between the zero and the galvanometer branch point for all settings, and (c) temperature coefficients of the coils.
The total resistance was measured by a simple Wheatstone bridge method and was found to be practically independent of the settings of the dial switches. The maximum variation was 0.0014 ohm or 7 parts in 10 000 000 of the total resistance. Variations due to changes in switch contact resistances amounted to 0.000 ohm. The resistance between the zero and the galvanometer branch point for all settings was obtained by measuring it when the setting was zero and adding to this the measured changes produced on changing the switches. In the 100-ohm dial these changes are the actual resistances of the coils between branch points, but in the other dials the changes are the actual resistances between branch points plus any changes due to changes in the connections to the coils.
The 100-ohm coils were measured by the modified CareyFoster method. The connections were made as shown in Fig. 3a . By this method the resistance between the post junctions is measured in terms of a standard resistance. This is the resistance required, since the posts are in the galvanometer circuit.
The 10, 1, and 0.1-ohm coils were measured by a substitution method, using connections as shown in Fig. 17 Here b, the correction to the standard cell dial reading, is calculated from the corrections to the reading e by use of the relation (48) shown in the discussion of the theory of the potentiometer (equation 18).
The arrangement for testing of other kinds of potentiometers readily suggest themselves, and it will be seen that any normal-range potentiometer can be completely calibrated by means of the ratio-set if the maximum resistance in the potentiometer between two potential terminals is less than twice the re- where / is the nominal value or reading of the volt-box factor and 
A*-A B which gives the unknown resistance in terms of the ratio of the differences in readings of the ratio-set and the value of the known resistance, 5. 
